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Abstract 


In the present study male albino rats weighing 200 + 50 g were made diabetic by 
injection with a single ip dose of alloxan (100 mg/kg). Another group of rats was 
simultaneously treated with alloxan (100 mg/kg) and a single ip dose of zinc chloride 
(ZnCh) (5 mg/kg). Blood and tissue samples were collected at 24, 48 and 72 hours post- 
treatment in both groups. Plasma insulin was significantly higher than control 24 hours 
after treatment in both alloxan and alloxan plus Zn treated groups, and then decreased 
48 and 72 hours post treatment in both groups. The reduction was significant after 72 
hours in alloxan treated group. A reduction in pancreatic glutathione (GSH) 
concentration was observed in alloxan-treated rats compared with control values at all 
sampling times of the experiment. When alloxan and ZnCl, were administered 
simultaneously, alloxan-induced reduction in pancreatic GSH was diminished, and a 
significant high GSH values were recorded relative to those recorded after treatment 
with alloxan alone 24, 48 and 72 hours post treatment. Alloxan has induced a significant 
increase in the serum levels of creatinine, urea and blood urea nitrogen (BUN), 24 hours 
after treatment, which returned nearly to their normal levels 48 and 72 hours after 
alloxan injection except for the levels of urea and blood urea nitrogen (BUN) which 
were dramatically declined 48 hours after treatment before its return to the control level 
72 hours following alloxan intoxication. The concentrations of serum metabolites were 
unchanged due to the simultaneous treatment with alloxan and ZnCl, as compared to 
their concentrations in alloxan alone-treated rats except after 48 hours where alloxan 
plus Zn treatment has caused a significant elevation in the serum levels of urea and 
BUN relative to their values in alloxan alone-treated rats. A significant increase in liver 
glycogen level was observed 24 hours after alloxan and alloxan plus Zn treatments. 
Afterwards, it was markedly depleted by the two treatments 48 and 72 hours post 
treatment. The current results clearly indicate that the deleterious effects of alloxan were 
attenuated at many points by the simultaneous treatment with Zn. Of special importance 
was the effect of Zn in lowering the blood glucose concentration and replenishing the 
pancreatic GSH content. 
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Introduction 
There is evidence that oxidative between the production of highly 
stress, defined as a persistent imbalance reactive molecular species (chiefly 
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pathways plays a key role in the 
development of not only the late 
complications in type 1 and type 2 
diabetes, but also the insulin resistance 
(Marshall et al., 1991; Boden et al., 
1994 and Schleicher and Weiger, 2000) 
and impaired insulin secretion seen in 
type 2 diabetes (Evans et al., 2003). 

Although the understanding of 
how hyperglycemia-induced oxidative 
stress ultimately leads to tissue damage 
has advanced considerably in recent 
years (Poitout et al., 2002; Brownlee, 
2001; Koya & King, 1998 and Nadler 
& Natarajan, 2000), te effective 
therapeutic strategies to prevent or 
delay the development of this damage 
remain limited. At this juncture, the 
general use of antioxidants could be a 
reasonable approach to reduce oxidative 
stress in diabetes. Actually many studies 
have addressed the importance of many 
types of antioxidants in the protection 
against the development of diabetic 
consequences (Mizushige ef al., 2002; 
Agardh et al., 2002; Kocic et al., 2002 
and Ayaz et al, 2002). The best 
treatment of diabetes and its 
complications remains the prevention of 
ROS and RNS generation through strict 
glycemic control. 

Accumulating evidence indicates 
that zinc is a fundamental element for 
maintenance of the structural and 
functional integrity of cells and tissues 
e.g. (Rudolf et al. 2001). Because of its 
ability as a free radical scavenger and a 
biological membrane stabilizer, nume - 
rous studies were designed to explore 
the protective role of Zn in many free 
radicals initiating systems (Hanna et al., 
1993, Moustafa et al., 2000, Moustafa, 
2001 and Moustafa, 2003). Moreover, 
recent studies have reported the 
beneficial effect of antioxidants and 
zinc supplementation in restraining the 
progression to advanced age-related 
macular degeneration (Evans 2002), and 


oxygen and nitrogen) and antioxidant 
defense, leads to tissue damage (Rosen 
et al., 2001) 

Oxidative stress is implicated in a 
broad variety of chronic and acute 
diseases, including such age-related 
diseases as diabetes (Oh-Ishi, et al., 
2003 and Varvarovska, et al., 2003). 
There is data indicating that reactive 
oxygen species (ROS) formation is a 
direct consequence of hyperglycemia 
(Brownlee, 2001); more recent studies 
have suggested that increased free fatty 
acids (FFA) levels may also result in 
ROS formation (Bakker et al., 2000). 
Because of their ability to directly 
oxidize and damage DNA, protein and 
lipid, ROS are believed to play a direct 
key role in the pathogenesis of late 
diabetic complications (Nishikawa et 
al., 2000; West, 2000 and Rosen et al., 
2001). Actually, there is considerable 
amount of data indicating that the 
chronic elevation of plasma glucose 
causes many of the major complications 
of diabetes, including nephropathy, 
neuropathy, and macro-and 
microvascular damage (DeFronzo, 
1997; Schmeichel, et al, 2003; 
Agarwal, et al., 2002; Mychka, et al., 
2002 and Ramana et al., 2002). 

In addition to their ability to 
directly inflict damage on macrom - 
olecules, ROS and reactive nitrogen 
species (RNS) indirectly induce damage 
to tissues by activating a number of 
cellular stress-sensitive pathways. 
Activation of these pathways results in 
the increased expression of numerous 
gene products that also cause cellular 
damage and play a major role in the 
etiology of the late complications of 
diabetes (Marshall et al., 1991; Kyriakis 
and Avruch, 1996 and Barnes & Karin, 
1997). 

It has been proposed that the 
hyperglycemia-induced, and possibly 
FFA-induced, activation of stress 
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Determination of serum metabolites 

Serum samples used for the 
determination of the level of glucose, 
urea, blood urea nitrogen (BUN) and 
creatinine were analyzed by the staff of 
the Clinical Pathology Laboratory in the 
Faculty of Medicine, Suez Canal 
University using Hetachi 704 auto 
analyzer. 

Plasma insulin was measured 
using the insulin radioimmunoassay kit 
with human insulin as a standard. 
Estimation of pancreatic glutathione 

Pancreatic glutathione was 
estimated according to the method of 
Tieze (1969). 

Determination of liver glycogen 

Liver glycogen was determined 
according to the method of Roe (1955). 
Statistical analysis 

One way ANOVA followed by 
Duncan's multiple range test were used 
for data analysis. Statistica was the 
software used for the analysis. Accepted 
level of significance p < 0.05. 


Results 

Serum glucose and insulin levels in 
alloxan and alloxan plus ZnCl. 
treated-rats 

Alloxan treatment induced a 

significant elevation in serum glucose 
levels at any time of the experiment 
when compared with controls receiving 
vehicle (Table 1). The treatment with 
alloxan and ZnCl, inhibited the increase 
in blood glucose at all times in the 
experiment. Meanwhile, a significant 
elevation in serum insulin was observed 
24 hours following treatment in both 
alloxan and alloxan plus Zn-treated 
groups. Afterwards, serum insulin 
concentrations were significantly 
reduced below control levels 48 and 72 
hours in both alloxan and alloxan + Zn 
treated groups (Table 1). 


in the protection against cancer 
(Provinciali, et al., 2002). 

The current study was undertaken 
to through more light on the 
mechanisms of alloxan cytotoxicity and 
to clarify the possible protection with 
Zn in alloxan-diabetic rats. Thus the 
possible involvement of Zn in 
therapeutic strategies that aims to 
interrupt the stress sensitive pathways 
mediating diabetic complications. 


Materials And Methods 

Male albino rats weighing 200 + 
50 g (6-9 months) were obtained from 
the animal house of the Zoology 
Department, Faculty of Science, Suez 
Canal University. Rats were raised on a 
standard chow mix and allowed access 
to food and water ad libitum. The 
animals were randomly assigned into 
three groups: (a) a control received the 
vehicle used for alloxan and ZnCl, (0.9 
% saline). At least five rats were 
sacrificed at 0, 24, 48 and 72 hours after 
vehicle administration. (b) Alloxan- 
treated group that received a single ip 
dose (100 mg/kg) (McDowell, et al. 
1994). Five rats were sacrificed at 24, 
48 and 72 hr after alloxan treatment. (c) 
Alloxan plus zinc chloride (ZnCh)- 
treated group which received a single. 
ip dose (100mg/kg) together with a 
single ip dose of ZnCl (5 mg/kg ) ( 
Moustafa, 2001). Five rats were 
sacrificed with the same schedule as 
group b. 

At the required times, blood 
samples were obtained from lightly 
anesthetized rats with ether from the 
orbital sinus and serum was prepared 
and frozen at -20 until the time of assay. 
After blood sample collection, the rats 
were killed by decapitation and the 
pancreases and livers were rapidly 
excised, rinsed in saline, blotted and 
weighed. 


Toxic effects of alloxan in the rat 


hours post treatment. The serum levels 
of creatinine returned nearly to the 
normal level 48 and 72 hours after 
alloxan treatment. Alloxan plus ZnCl- 
treatment had no significant effect on 
the changes induced by alloxan alone 
treatment on these parameters except 
for urea and BUN, where ZnCl,— 
treatment caused a significant increase 
in their levels relative to their levels in 
alloxan alone-treated rats 48 hours after 
treatment. The calculated BUN/ creat - 
inme (B/C) was unchanged following 
both treatments except after 48 hours of 
alloxan treatment where it was 
significantly reduced compared to the 
control value and remained low in the 
alloxan plus ZnCl.-treated group. 


Effect of alloxan and alloxan plus 
ZnCl,-treatment on liver glycogen 
Liver glycogen content showed an 
initial and a significant increase 24 
hours after both alloxan and alloxan 
plus ZnCl)-treatments. Afterwards, it 
was markedly depleted by the two 
treatments 48 and 72 hours post 
treatment (fig. 3). 


Effect of alloxan and alloxan plus 
ZnCl, treatments on pancreatic 
Glutathion (GSH) content 

A reduction in pancreatic GSH 
concentration was observed in alloxan- 
treated rats compared with control 
values at any time of the experiment. 
This decrease was significant 48 and 72 
hours post treatment (fig. 1). When 
alloxan and ZnCl, were administered 
simultaneously, alloxan-induced reduce 
-tion in pancreatic GSH was 
diminished, and a significant increase in 
this parameter was seen relative to 
treatment with alloxan alone 24, 48 and 
72 hours after treatment (fig. 1). 
Effect of alloxan and alloxan plus 
ZnCl-treatment on serum metabo - 
lites 
Fig. 2 represents the time-dependent 
changes in serum metabolites after ip 
injection of alloxan and alloxan plus 
ZnCl. The serum levels of creatinine, 
urea and BUN were significantly 
elevated 24 hours following alloxan 
treatment. A dramatic reduction in 
serum urea and BUN was observed 48 
hours after alloxan administration and 
returned nearly to the control level 72 


Table 1. Time-dependent changes in serum glucose and insulin levels after a single ip 
injection of alloxan (100 mg/kg)(Alloxan group) or after injection of alloxan (100 
mg/kg) plus ZnCl (Smg/kg)(Alloxan + Zn group). 


Time after treatment 











48 hours 72 hours 
Alloxan Alloxan Control | Alloxan Alloxan 

+ Zn + Zn 
454.3 * 237.23 ** 107.063 787.6 * 433.03.667 ** 
+± 68.49 + 16.25 + 7.94 + 84.61 + 88.595 
17.717 19.0067 22.358 9.033* 11.50 
+ 0.857 + 1.42 + 1.563 + 2.99 + 1.276 

















24 hours 
Control | Alloxan Alloxan | Control 
+ Zn 
Glucose 99 180.766 * 118.8 ** | 104.133 
(mg/dl) +9.61 + 15.88 22 + 11.19 
Insulin 21.123 55.587 * 51.433 19.89 
(uU/ml) + 1.56 + 7.693 + 5.932 + 1.418 














Results are represented as the means + SE of five animals. * P < 0.05 control group 
versus alloxan group; **P < 0.05 alloxan group versus alloxan + Zn-group. 
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Figure 1. Pancreatic glutatione (GSH) in control rats, alloxan-treated rats and alloxn 
plus ZnCl2-treated rats. Results are represented as the means + SE of five 
animals. * P < 0.05 control group versus alloxan group; ** P > 5 
alloxan group versus alloxan plus ZnCl2-treated group. 
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Figure 2. Serum metabolities: urea, blood urea nitrogen (BUN), creatinine and blood 
urea nitrogen/creatinine ratio (B/C) in control rats, alloxan-treated rats and 
alloxan plus ZnCl2-treated rats. Results are represented as the means + SE 
of five animals. * P < 0.05 control group versus alloxan group; ** P < 0.05 
alloxan group versus alloxan plus ZnCl2-treated group. 
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Figure 3. Liver glycogen in control rats, alloxan-treated rats and alloxn plus ZnCl2- 
treated rats. Results are represented as the means + SE of five animals. * P < 
0.05 control group versus group versus alloxan group; ** P > 0.05 alloxan 
group versus alloxan plus ZnCl2-treated group. 


would eventually lead to insulin 
resistance at the cellular level in 
alloxan-intoxicated rats. The 
impairment of glucose transport across 
the cell membrane was suggested to be 
a major mechanism behind the 
development of glucose intolerance in 
aged rats (Moustafa et al, 1995). 
Moreover, The glucose transport was 
reported to be the rate limiting step for 
the overall glucose metabolism in 
muscle (Elbrink, and Bihler, 1975). 
Indeed, the study of Ader et al. (1998) 
has presented an evidence for direct 
action of alloxan to induce insulin 
resistance at the cellular level. 
Therefore, it can be assumed that the 
development of hyperglycemia in 
alloxan-treated rats is due to multiple 
factors including not only the impaired 
capacity of the insulin synthesizing cells 
of the pancreas but also to the insulin 
resistance in other cells that are targets 
to insulin action. Additionally, it has 
been reported that in type 2 diabetes 
there is a poor response of the 
pancreatic cells to the glycemic effect 
(Sempoux et al., 2001). 


Discussion 

The present data indicate an initial 
rise in serum insulin 24 hrs after alloxan 
treatment which could be attributed to 
the peroxidative damage caused by 
alloxan on the cell membranes of 
pancreatic cells and the release of the 
stored insulin into the circulation. The 
existence of hyperglycemia in the 
presence of hyperinsulinaemia that is 
observed 24 hours after alloxan 
treatment could be interpreted by the 
development of insulin resistance 
induced by alloxan. Alloxan may 
disturb the redox status of cells other 
than pancreatic cells, which are targets 
of insulin action. In these cells, the 
cellular membranes may also be 
subjected to the peroxidative damage of 
ROS generated by alloxan. Alloxan- 
induced enhancement of tissue lipid 
peroxidation has previously been 
reported (Stefek & Tmkova,1996 and 
Moustafa, 2003). These effects may 
cause the impairment of glucose 
transport across the cell membrane as 
well as the impairment of the more 
distal intracellular glucose metabolism 
steps. In combination, these effects 
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indicates that in both normal individuals 
and in type 2 diabetic patients, 
restoration of redox balance by infusion 
of glutathione improves insulin 
sensitivity along with B-cell function. 
Many studies have addressed the 
importance of antioxidants for the 
control of the abnormalities in diabetes 
(Mizushige et al., 2002; Agardh et al., 
2002; Kocic et al., 2002 and Ayaz et al., 
2002). The current results show that Zn 
treatment of alloxan-diabetic rats 
resulted in the elevation of pancreatic 
GSH and the inhibition of the increase 
in plasma glucose of these rats. The 
mechanism of Zn protection against 
oxidative damage may lie in its ability 
to bind and stabilize cellular and 
subcellular membranes against lipid 
peroxidation and disintegration 
(Thomas et al. 1986). Zn treatment was 
reported to reduce lipid peroxidation in 
the retinas and livers of alloxan-treated 
rats (Moustafa, 2003) and in the livers 
of allyl alcohol-treated rats (Moustafa, 
2001). The protective effect of Zn 
against lipid peroxidation (of cellular 
and subcellular membranes) may 
reverse the impairment in glucose 
transport and glucose metabolism in the 
cells of alloxan-diabetic rats. Zn was 
also found to induce metallothionein 
(MT) synthesis (Hanna, et al., 1993). 
The high sulfhydryl content enables MT 
to efficiently scavenge oxy-radicals 
(Thornalley & Vasak, 1985 and Sunters 
& Lui, 1990). Another possible 
protective mechanism of MT 15 its 
ability to release Zn for binding at sites 
on membrane surfaces, displacing 
adventitious iron thereby inhibiting lipid 
peroxidation (the pull and push 
mechanism) (Chevion, 1991). 
Moreover, the suggested effect of zinc 
in inducing the SH-rich MT synthesis 
my preserve the SH-residue in many 
functional proteins. Therefore, Zn may 
preserve the structural and functional 


The toxic actions of alloxan are 
thought to be caused by the hydroxyl 
radical (OH*) generated in a cyclic 
reaction involving alloxan and its 
reduction product, alloxan radical 
(HA*) (Sakurai and Ogiso, 1994). 
Moreover, pancreatic beta-cells exposed 
to hyperglycemia produce reactive 
oxygen species (ROS) (Sakurai and 
Ogiso, 1994). Because beta-cells are 
sensitive to oxidative stress, excessive 
ROS may cause dysfunction of beta- 
cells (Sakurai and Ogiso, 1994). Thus, 
oxidative stress appears to account for 
the depletion of pancreatic GSH that is 
seen in alloxan diabetic rats. Previously 
the study of Moustafa (1998) suggested 
that GSH depletion is the mechanism 
underlying glucose intolerance in allyl 
alcohol-treated rats. The depletion of 
pancreatic GSH may disturb the redox 
status in pancreatic cells. Considerable 
evidence indicates that maintenance of 
protein redox status is of fundamental 
importance for cell function, whereas 
structural changes in proteins are 
considered to be among the molecular 
mechanisms leading to diabetic 
complications (Altomare et al. 1997). 
Additionally, maintenance of the redox 
potential of the cell was reported to be 
an essential condition for maintaining 
its synthetic capacity (Hazelton and 
Lang, 1983). Accordingly, alloxan- 
induced GSH depletion in the 
pancreatic cells may impair insulin 
synthesis. This may account for the 
observed reduction of plasma insulin 
level seen 48 and 72 hours following 
alloxan treatment. This could be 
attributed to impaired insulin synthesis 
in the pancreatic islets and/or the severe 
destruction of the pancreatic cells. 
Actually the study Buko ef al. (1996) 
reported a decrease in the number of 
pancreatic islets and beta/alpha cell 
ratio in alloxan-diabetic rats. Moreover, 
the study of (Paolisso, et al., 1992) 
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may include the impairment of the 
different metabolic and synthetic 
processes. The probable protection of 
Zn on the protein manufacturing 
machinery could probably be mediated 
by the following mechanisms: a. the 
protection of the microsomal 
membranes against the lipid peroxide - 
ative damage. b. maintenance of the 
redox potential of the cells through the 
restoration of the GSH levels that were 
reduced due to alloxan treatment. This 
phase of Zn protection is probably 
reflected in the inhibition of the sharp 
decline in urea and BUN in alloxan plus 
Zn-treated rats when compared with 
alloxan-treated rats. 

The antiglycogenolytic effect of 
insulin could be mediated through its 
stimulation of glycogen syntetase and 
inhibition of glycogen phosphorylase 
(Guyton, 1991). The current data reveal 
that alloxan has a glycogenolytic effect 
as evidenced by severe depletion of 
liver glycogen that was seen 48 and 72 
hours after alloxan treatment. However, 
a significant increase in liver glycogen 
was shown 24 hours following alloxan 
treatment. It is noticed that the increase 
and decrease in liver glycogen in 
alloxan - treated rats goes parallel with 
the increase and the decrease in serum 
insulin in the same rats. It can be 
suggested that the hyperisulinimia that 
was observed 24 hours after alloxan 
administration, induces over stimulation 
of glycogen phsporylase and the 
suggested  alloxan-induced insulin 
resistance may affect pathways other 
than those affecting the glycogen 
metabolizing enzymes. 

Additional studies are required to 
determine the benefits of Zn treatments 
that may interrupt the pathogenic 
cascade induced by alloxan at various 
points. This may open prospects for the 
possible involvement of Zn in 
therapeutic strategies that aim to 


integrity of the SH-dependent enzymes 
including those regulating glucose 
metabolism. More recently, St Croix et 
al. (2002) hypothesized that MT which 
is cysteine-rich, plays a role in NO 
signaling events via sequestration or 
release of Zn” by the unique thiolate 
clusters of the protein. This effect is of 
special significance since it may help to 
manage the vascular damage which is 
one of the major serious complications 
of diabetes. It has been established that 
common vascular disease states 
including diabetes, hypertension and 
atherosclerosis are associated with 
endothelial dysfunction, characterized 
by reduced bioactivity of NO (Channon 
and Guzik, 2002). 

The diminished availability of 
glucose to the cells of alloxan diabetic 
rats could eventually lead to the 
impairment of energy conservation from 
carbohydrates. The current data are in 
support to this notion. Alloxan 
treatment induced a significant increase 
in creatinine, urea and BUN concentra - 
tions 24 hours after treatment. Alloxan 
intoxication appears to cause impair - 
ment in the primary energy-forming 
pathway. The early serious impairment 
of energy conservation from carbohy - 
drate causes the utilization of protein 
with the consequent increase in urea and 
BUN. Accelerated glycolysis and brea - 
kdown of creatine phosphate are the 
metabolic consequences of the 
activation of a backup system for the 
generation of ATP, when the primary 
energy forming pathways are impaired 
(Lehnenger, 1970). The marked 
decrease in the urea and BUN observed 
48 hours after alloxan treatment may 
reflect protein degradation in the treated 
rats, which may result in the decrease of 
the mass of active tissue. These 
deleterious changes may reflect some of 
the serious consequences of GSH 
depletion induced by alloxan, which 
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Toxic effects of alloxan in the rat 
التأثيرات السامة للألوكسان في الجرذان. الآلية والحماية بالزنك‎ 


قسم علم الحيوان, كلية العلوم, جامعة قناة السويس, الإسماعيلية, مصر 


والتي تزن 200 + 50 جرام وذلك عن طريق الحقن البريتوبي (م1) بمادة الألو 
كسان بالجرعة (100مج/كج). وتم حقن مجموعة (ip) god!‏ من الجرذان 
بمادتي الالو كسان (100مج/كج) وكلوريد الزنك (5مج/كج) في نفس الوقت. وقد 
cite aac Ge ee‏ 324 نود شاف من go‏ 
عقن 24 Hels‏ مل الحدق فى IS‏ من: (ye gana‏ المعاليتين يكل من SAN‏ 
و Glad IVI‏ + الر نك ف (gail‏ کل be gale‏ في كلنا المحمرستين: خف 548 
2 ساعة من الحقن. وتدل نتائج الدراسة علي حدوث انخفاض في مستوي 
الجلوتاثيون في البنكرياس في الجرذان المعالجة AYG‏ كسان بعد 24و 48 و 72 
من المعالجة علي أن هذا الانخفاض كان معنويا بعد 48و72 ساعة. وقد أدت 
المعالجة المزدوجة بالألوكسان والزنك إلي الزيادة المعنوية في محتوي البنكرياس 

من الجلوتاثيون مقارنة بمستواه فى الجرذان المعالجة بالألوكسان منفردا عند أي 
فتره من فترات التجربة. وقد أدى الحقن بالألوكسان إلي حدوث ارتفاعا معنويا في 
مستوي المصل من الكرياتينين والبولينا و المحتوي النيتروجيني لليوريا في الدم 
(BUN)‏ وذلك بعد 24 ساعة من dalled!‏ وقد انخفض هذا الارتفاع عقب 
48 و 72 dels‏ من الحقن في ماعدا البولينا و (BUN)‏ اللذين انخفضا انخفاضا 
كبيرا بعد 48 ساعة من المعالجة قبل أن يصلا إلي المستوي العادي تقريبا بعد 72 
نتيجة للمعالجة المزدوجة بالألوكسان والزنك مقارنة بمستواهم في الجرذان 
المعالجة بالالوكسان منفردا Lad‏ عدا بعد 48 ساعة حيث تسببت هذه المعالجه 
المزدوجة في حدوث ارتفاع معنوي في قيمة البولينا و ال BUN‏ مقارنة بهذه 
القيمة في الفئران المعالجة بالألو كسان منفردا. وقد دلت النتائج علي حدوث 
ارتفاعا معنويا في محتوي الكبد من الجليكوجين بعد 24 ساعة من الحقن JS‏ من 
الألو كسان و الألو كسان مع الزنك والذي انخفض انخفاضا ملموسا عقب 48 
و72 ساعة بكلا النوعين من الحقن. ويتضح من نتائج الدراسة الحالية أن الآثار 
الضارة للمعالجة بالألو كسان قد تم الحد منها عند عدة نقاط وذلك نتيجة 
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للمعالجة المزدوجة بالزنك و الألوكسان. ويبدو التأثير الخافض لمستوي السكر في 
الدم وتعويض النقص في محتوي البنكرياس من الجلوتاثيون من اهم التاثيرات 
التعويضية للمعالجة بالزنك. 
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